The objective was to determine the relationship between thawing time and post-thaw temperature when the final temperature of the semen was brought to 40 C. One ejaculate from each of 12 dairy bulls was packaged in .5-ml French straws. Semen in five straws from each ejaculate was thawed in a 35 C water bath for 12 s or 1 rain. The straws were then immediately placed in water baths at 0, 10 or 20 C for 1 rain and then transferred to a water bath at 40 C for 1 rain. Control treatments were thawed at (1) 35 C for 1 min, plunged into a 35 C water bath for 1 min and transferred to a final water bath at 40 C for 1 min, and (2) thawed at 40 C for 1 min, plunged into a 40 C water bath for 1 rain and transferred to a final water bath at 40 C for 1 rain. Semen was incubated at 40 C and evaluated at 0, 4 and 8 h of incubation for percentage of motile spermatozoa (%MOT) and percentage of spermatozoa with intact acrosomes (PIA). Semen thawed at 35 C for 12 s and held at 0 C before being warmed to 40 C sustained immediate aerosomal damage (P<.05) due to a delay in complete thawing of the semen. Semen thawed at 35 C for 1 rain, held at 0 C and then warmed to 40 C also sustained immediate acrosomal damage which was due to cold shock. Cold shock damage was greater than damage due to a delay in complete thawing, therefore, precautions should be taken to prevent post-thawing cold shock. The 10 C postthaw treatment resulted in spermatozoal damage with both thawing times, however, the effects 
Introduction
Fast thawing rates yield improved post-thaw motility, acrosomal integrity and fertility of bovine spermatozoa packaged in plastic straws (Almquist and Wiggin, 1973a, b; Wiggin and Almquist, 1975; Robbins et al., 1976 , Senger et al., 1976 . However, when extended semen was warmed above 5 C and then subjected to sudden temperature reductions, the spermatozoa suffered irreversible damage (Rodriguez et al., 1975; Almquist, 1976; Senger et al., 1976) .
De Abreu et al. (1979) have suggested that thawing be timed to prevent the seminal temperature from rising above 5 C. Senger et al. (1976) found acrosomal damage occurred when semen thawed at 35 C for 1 rain was plunged into iced water, but that acrosomal integrity was still higher than when semen was thawed at 5 C for 3 min. An important finding of that study was that significant acrosomal damage occurred when semen thawed at 5 C for 3 min was warmed to 20 or 35 C. Senger et al. (1976) suggested slow thawing rates may increase the likelihood of post-thaw spermatozoal damage when sudden warming of the semen occurs.
De Abreu et al. (1979) also reported that spermatozoa were damaged when semen was warmed above 5 C and that this damage was not dependent upon rate of thawing or rate of post-thaw warming. They suggested that semen should be thawed in warm water until the seminal temperature reached 5 C and then deposited in the cow immediately. However, 938 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 5, 1982 warming of the semen after deposition in the cow also may be detrimental to spermatozoa. The objective of this study was to evaluate the interaction of thaw temperature with postthaw holding temperature when the final temperature of the semen was brought to the approximate body temperature of the cow (40 C). The relative magnitudes of damage due to cold shock and post-thaw warming in vitro were a major consideration.
Experimqmtal Procedure
One ejaculate from each of 12 dairy bulls was diluted in egg yolk-citrate-glycerol and frozen in liquid N (LN) vapor. Semen from each ejaculate was exposed to two thawing times, three post-thaw holding temperatures and one final temperature.
Five straws of semen were plunged into a water bath maintained at 35 C and held in the water bath for 12 s or for 1 min. Immediately after this thawing treatment, straws were placed in a second water bath (0, 10 or 20 C for 1 min) which represented three different postthaw holding temperatures. These holding temperatures were chosen because they represent a wide range of temperatures which may be encountered during routine preparation and loading of the inseminating device. After exposure to the post-thaw holding temperature, straws were placed for 1 min in a final water bath maintained at 40 C, which approximated the body temperature of the cow (figure 1). Since the ideal control (to give maximal spermatozoal viability) was not known, two control treatments were chosen. They were (1) thawing at 35 C for 1 rain, post-thaw holding temperature of 35 C for 1 rain and a final temperature of 40 C for 1 rain, and (2) thawing at 40 C for 1 min, post-thaw holding temperature of 40 C for 1 rain and a final temperature of 40 C for 1 min.
After incubation in the final water bath, semen from the five straws was pooled in a 12 x 75 mm test tube, capped with a rubber stopper and immediately placed in a dry block incubator maintained at 40 C. Using the method of Saacke & White (1972) percentage of motile spermatozoa (%MOT) and percentage of spermatozoa with intact acrosomes (PIA) by phase contrast (X160) and differential interference contrast (XI,000) microscopy, respectively. Samples were evaluated by a single observer and were coded to minimize observer bias.
In a preliminary experiment we evaluated the temperature changes for each treatment combination, using an ultraminiature (.2 mm) copper-constantan thermocouple 4. We secured the thermocouple in the center of the straw by drilling a hole (%.6 mm) in a teflon plug (plug was the same as that used to seal .25-ml Continental straw) which was inserted into the end of a previously thawed straw. The straw contained the same volume of extended semen as those thawed for semen evaluation. The straw containing the thermocouple was refrozen in LN and then exposed to the thawing times (35 C/1 min or 35 C/12 s) and postthaw treatments (0, 10 or 20 C for 1 min). Transfer of semen from LN to the thaw bath was immediate in both experiments. Water bath temperatures were constantly monitored using thermometers. Measurements for each set of treatments were repeated three times.
Overall evaluation means (excluding the two control treatments) were analyzed by analysis of variance, with bulls, thawing time, post-thaw holding temperature and time of evaluation as main effects. The following interactions were tested: bull x thawing time, bull x post-thaw holding temperature, thawing time x post-thaw holding temperature, bull x thawing time x post-thaw holding temperature, thawing time x time of evaluation and postthaw holding temperature x time of evaluation. Data from each time of evaluation (including the two control treatments) were subjected to analysis of variance, with bulls and treatments as main effects. The error term from this analysis was used to compare treatment and control means by Duncan's new multiple range test.
Results
Straws removed from the 35 C water bath after 12 s had an internal temperature of approximately -4 C, while straws removed after 1 min had reached 35 C. The temperature changes that occurred within the straws during exposure to the various treatments are presented in figures 2 and 3.
Both PIA and %MOT varied (P<.01) between <:)41 bulls, post-thaw holding temperatures and times of evaluation. Thawing time also affected (P<.05) PIA. Post-thaw holding temperature x time of evaluation interactions were observed for %MOT (P<.01) and PIA (P<.05) and a thawing time x post-thaw holding temperature interaction was noted for PIA (P<.05).
The effects of thawing time and postthaw holding temperature on P1A and %MOT are shown in tables 1 and 2. No differences (P>.05) were found between the two control treatments at any hour of evaluation. Spermatozoal damage was most evident when the post-thaw holding temperature was 0 C. Significant damage to acrosomes and reduction of motility was observed when spermatozoa thawed at 35 C for 1 min were kept at a holding temperature of 0 C for 1 rain. Similarly, when spermatozoa were thawed at 35 C for 12 s and held at 0 C before being warmed to 40 C, significant damage was also sustained. PIA and %MOT were lower (P<.05) with these two treatments than with control treatments at all hours of evaluation, regardless of thawing time. The 10 C post-thaw holding treatment resulted in lower (P<.05) PIA and %MOT than control treatments at 4 and 8 h and overall (mean of 0-, 4-and 8-h evaluations), regardless of thawing time. No differences in PIA or %MOT were observed between the 20 C post-thaw treatment and the control treatments (P>.05) with either thawing time with one exception: %MOT was lower (P<.05) at 8 h in semen exposed to the 12 s thaw than in semen exposed to the control treatments.
Detrimental effects of the 0 C post-thaw treatments on PIA and %MOT were immediate rather than latent as shown by differences from control values (P<.05) at the 0-h evaluation. In contrast, effects of the 10 C post-thaw treatments on PIA and %MOT were latent, since differences (P<.05) from control values were not observed until the 4-and 8-h evaluations.
Discussion
This experiment was designed to compare the effects of two thawing times on semen subsequently exposed to different post-thaw treatments which were chosen to represent temperatures that may be encountered under field conditions. Acrosomal damage was most evident when warm semen was exposed to sudden cooling, and the degree of damage was directly related to the severity of the temperature reduction. These observations agree with previous reports (Rodriquez et al., 1975; Almquist, 1976; Senger et al., 1976) . When semen thawed for 12 s was placed in a 0 C water bath before being warmed to 40 C, spermatozoal damage also occurred. However, the damage was not due to cold shock, since a temperature reduction did not occur (figure 2). Rodriquez et al. (1975) observed no evidence of cold shock damage when spermatozoa were thawed in warm water to a terminal temperature of 0 C and then incubated in iced water for up to 3 h. Senger et al. (1976) reported spermatozoal damage occurred when semen thawed at 5 C for 3 min was exposed to warm post-thaw temperatures (20 and 35 C). Those investigators suggested that sudden postthaw warming of cold semen may result in spermatozoal damage. However, it is difficult to compare the type of warming damage sustained in this experiment with the type of damage reported by Senger et al. (1976) , since the semen used in the two experiments was not thawed at the same rate. De Abreu et al. (1979) reported that post-thaw warming damage resulted when the temperature of semen was increased from 5 to 35 C following a rapid thaw. Those researchers found motility and acrosomal integrity to be similar regardless of whether post-thaw warming to 35 C was immediate or whether it was delayed by the incubation of straws in iced water for 30 s. They concluded that the damage was due to the warming of semen above 5 C and not to the interruption of warming at approximately 5 C. In the present study, however, PIA and %MOT were higher (P<.05) when semen was immediately warmed to 40 C than when warming was interrupted by incubation of straws in iced water for 1 rain following a 12-s thaw. Therefore, we interpret that a delay in warming semen to approximately body temperature was detrimental to spermatozoal viability. The intrastraw temperature of semen thawed at 35 C for 12 s and then incubated in iced water for 1 min did not exceed 0 C until 75 s after initiation of the thaw (figure 2). On the other hand, semen thawed at 35 C for 1 min was completely thawed in only 15 s (figure 3). We suggest that the observed spermatozoal damage was due to a delay in complete thawing of the semen rather than to warm shock. These results agree with those of Almquist (1976) , who reported greater acrosomal retention when semen was warmed to approximately 23 C than when warmed to approximately -2 C in 35 C water. When the time needed for the internal seminal temperature to reach 0 C was reduced to 28 s (35 C/12 s with a 10 C postthaw holding temperature), spermatozoal damage was observed only at the 4-and 8-h evaluations. The amount of time for complete thawing was further reduced to 16 s with the 20 C post-thaw holding temperature, and as a result, no spermatozoal damage was observed. Therefore, it is important that semen be rapidly and completely thawed for optimal spermatozoal viability.
The PIA of semen exposed to the cold postthaw holding temperature (0 C) was higher (P<.05) with the 12-s thawing time than with the 1 rain thawing time. At the higher postthaw temperatures (10 and 20 C), however, there were no differences due to thawing time. This significant interaction would suggest that the damage resulting from cold shock was greater than the damage due to prolonged thawing when the post-thaw holding temperature was 0 C. Therefore, when there is a possibility of severe cold shock damage it appears beneficial to spermatozoal viability to thaw semen for only 12 s. Under field conditions, however, most cold shock damage can probably be avoided by protecting semen from cold environmental temperatures (prewarming inseminating devices, keeping loaded inseminating devices inside coveralls, and similar precautions). Since precautions can be taken against cold shock damage, it may be more beneficial to warm semen rapidly to a temperature approaching body temperature, to maintain that temperature and to inseminate immediately, rather than thawing for 12 s. Almquist et al. (1979) found that 66-d nonreturn rate was significantly higher for semen thawed at 35 C for 30 s (72.0%) than for semen thawed at the same temperature for 12 s (70.1%). In addition, the improvement in fertility with the longer thawing time was not affected by cold weather. Since the technicians were instructed to guard against cold shock, it appears that if such precautions are taken, fertility advantages can be realized when longer thaws are used.
Since the PIA and %MOT values for semen subjected to the two control treatments were not significantly different, there appears to be no benefit from thawing semen at 40 C rather than at 3 5 C.
